determinations of volume ratio of splenic sinus, the mean breadth of splenic cords and the mean sectional area of sinuses were described. The above quantities were estimated of spleens in Banti's syndrome in comparison to other conditions of the organ. Banti spleens could be characterized by small values of the mean sinus sectional area.
From the Department of Surgery, Tohoku University School of Medicine, Sendai; Director: Prof. T. Maki (Received for publication, August 24, 1965) Histometrical determinations of volume ratio of splenic sinus, the mean breadth of splenic cords and the mean sectional area of sinuses were described. The above quantities were estimated of spleens in Banti's syndrome in comparison to other conditions of the organ. Banti spleens could be characterized by small values of the mean sinus sectional area.
The total sinus length was increased. The condition corresponded to sinus hyperplasia. Distinct correlations were confirmed between the mean sectional area of splenic sinus and hepatic lesions, portal pressure, splenic weight, esophageal varices, leukocyte and platelet counts of peripheral blood. The development of Banti spleens was discussed on the basis of the histometrical results.
Various problems concerning
Banti's syndrome still remain unsolved in spite of a large number of reports in the past. In the author's Department, attempts have been made to clarify the concept of Banti's syndrome. It was revealed that the splenic factors were of great importance in the pathogenesis of this syndrome.1-8
The present study deals with the quantitative changes of several splenic structural elements. Histometrical treatments in combination with clinicopathological correlations are expected to contribute to elucidate the pathogenesis of Banti's syndrome.
MATERIALS AND METHODS
Thirty cases which underwent splenectomy under the diagnosis of Banti's syndrome are the objects of the present investigation. As the control group, 16 cases were selected for comparative studies, consisting of eight cases of gastric ulcer or cancer without portal hypertension or any hepatic disorder , four cases of pancreatic cancer or pancreatic cyst with involvement of portal system and four cases of liver cirrhosis. more than 2 x 1 cm, were randomly taken from different portions of spleens .
Each section was fixed in formalin, embedded in paraffin and was stained after Gomori's silver impregnation method. Histologic examination of the liver was performed following the method described by Takahashi9 of the author's Depart ment.
Portal pressure was recorded in the following way: a catheter was inserted in a branch of mesenteric vein until its tip reached the trunk of portal vein , connected to a L-shaped glass tube with a scale and the pressure was read and expressed in mm H2O. In the present study, Vs was expressed in per cent and employed as the estimate for the volume ratio of splenic sinus.
The results of the determination were :
i) The volume ratio of the sinus in the eight cases of gastric lesions ranged from 40.8% to 47.0% with the average of 42.7%. These results did not indicate any significant difference of the sinus volume ratio in the examined spleens ( Fig. 2 ).
Mean breadth of splenic cords
The mean breadth of splenic cord D is defined as the thickness, when the total volume of splenic cords in a certain sufficiently large splenic volume is supposed to be uniformly extended between two equal planes, each of which has a surface area equal to a half of the total surface area S of sinus-splenic cord bound aries in the same volume.
For the determination of D, accordingly, an estimation of the total surface area of sinus walls S in a certain splenic volume is required.
It is now assumed that the direction of sinus walls is sufficiently radomized and the density of splenic cords is uniform in the space.
We take under these conditions a cube with edges of 1 in length in splenic tissue. When the direction of sinus walls is randomized in the cube, they can be separated into an infinitely large number of small pieces of equal size and displaced within the cube to form an arbitrary number of spheres of equal radii, without changing their total surface area. When the number of spheres is n, and their radii are r, we obtain: The expected value E for any one of these spheres to intersect with the sampl ing line is then given by dividing the surface area v of the equatorial plane of a sphere by the surface area 11 of a face of the cube as:
and that for the total sphere group as:
If the count of intersecting points is designated as C, C must be equal to 2nE, because every sphere delivers two crossing points with an intersecting straight line. Consequently, we obtain from (1) and (2):
The total surface area Se of sinus-splenic cord boundaries in a unit splenic volume is then given by :
On the other hand, the total volume of splenic cords V p in a unit splenic volume is determined by:
Accordingly, Fig. 3 . A cube with edges of 1 in length is taken in the red pulp and sinus and splenic cords in the cube are regarded to be randomized in their directions.
The sinus walls are supposed to be divided into an infinite number of small squares (f). S: sinus, P: splenic cord, SL: sampling line, C: intersections of the sampling line with sinus walls. tissue with edges of 1 in length is designated as L.
If the total sinus volume in a unit splenic volume is Vs the mean sectional area of sinus Ss is defined as:
Accordingly, a preliminary estimation of the total length of linear structures with randomized directions in a certain volume is necessary to determine Ss.
We take a cube with edges 1 in length. The linear structures in the cube are now supposed to be divided into an infinitely large number n of small fractions of equal length 71. Each fraction can under this condition be regarded to be an infinitesimally small fraction of a straight line. When the direction of the linear structures is randomized in the space, we can displace the fractions without changing their directions to a certain point O in the cube, so that the middle point The total length of the linear structures in a unit volume is then 230 X. Seki
From the above results, we finally obtain: Fig. 6 . Sinus sections on a certain surface area of a histological section are counted by the aid of an eye piece of this type. It was thus revealed, that Banti spleens were characterized by small sinus sectional area as a whole. In the present study, the author examined Kakizaki's classification in reference to the histometrical results. There was no distinct correlation between the volume ratio of the sinus and the histologic pattern of the spleen. With the advancement of the histologic patterns from I to IV, however, there was a tendency of decrease in the mean breadth of splenic cords and the mean sectional area of the sinus (Figs. 10 and 11 ). Fig. 10 . Relation between the mean breadth of splenic cords (D) and histologic patterns of the spleen in Banti's syndrome. Fig. 11 . Relation between the mean sectional area of the sinus (Ss) and histologic patterns of the spleen in Banti's syndrome.
Type of splenic histology

Correlation of portal pressure
There was only indistinct correlation between the volume ratio of the sinus and portal pressure. In regard to the mean breadth of splenic cords, it tended to decrease with the enhancement of portal pressure, although the coefficient of correlation -0.32 failed to attain statistical significance at 5% level. On the other hand, the mean sectional area of the sinus showed, as demonstrated in Fig . 12 , a definite tendency of decrease with rising portal pressure, indicating a significant negative correlation at 1% level with a coefficient of correlation of -0.59. 
Correlation to splenic weight
Splenic weight varies according to ages. In cases of splenomegaly, the weight ratio to the normal spleen was calculated in reference to the normal splenic weight reported by Amanoil and the relation to the reticulin fiber architecture of splenic cords was studied.
As a result, there was no correlation among splenic weight, volume ratio of the sinus and the mean breadth of splenic cords. However, there was a negative correlation between splenic weight and the mean sectional area of the sinus significant at 5% level with a coefficient of correlation -0.39 (Fig. 13 ). 15 ).
Correlation to the histologic patterns of the liver
Correlation to esophageal varices
Both the volume ratio of the sinus and the mean breadth of splenic cords failed to show any relation to esophageal varices.
On the other hand, clinical Esophageal varices Fig. 16 . Relation between the mean sectional area of sinus (Ss) and esophageal varices. evidences of esophageal varices were more frequently confirmed in the group with lower sectional area of splenic sinus. In cases with normal mean sectional sinus area, little evidence of esophageal varices was noticed ( Fig. 16 ).
Correlation to blood cell counts
The counts of white blood cell, red blood cell and platelet, which are essentially influenced by splenectomy in Banti's syndrome, were examined in connection with histometrical results.
a) White blood cell (WBC).
There was no significant correlation between the mean breadth of splenic cords and WBC. The correlation between the volume ratio of the sinus and WBC was significant at 1% level with a coefficient of correlation +0.48, and the decrease in volume ratio was approximately in proportion to the decrease of WBC Fig. 17 . Correlation between volume ratio of sinus (Vs) and WBC, r=+0.48 (p<0.01). Fig. 19 . Correlation between the mean sectional area of sinus (Ss) and platelet count, r=+0.39 (p<0.05).
( Fig. 17 ). Between the mean sectional sinus are and WBC distinct correlation, significant at 1% level, was observed with a coefficient of correlation of + 0.69. b) Red blood cell (RBC).
No distinct correlation was confirmed between RBC and histometrical results. c) Platelet count.
Significant correlation at 5% level was noted between the mean sectional sinus area and the platelet count with a coefficient of correlation of + 3.9 (Fig. 19) . 
